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RESEARCH MEMORANDUM

WIND-IUNNEL INVESTIGATTON OF THEE STABILITY OF THE JETIISONABLE
NOSE SECTION OF THE X-3 ATRPLANE
By Stanley H. Scher

SUMMARY

Because previous work has indicated thet Jettisoneble nose sections
of airplanes may be inherently unstable, and thus may cause dangerous
centripetal accelerations on a pllot after Jettisoning during high-speed
flight, an investigation has bPeen conducted in the Langley 20-foot
free-splnning tumnel to determine the behavior in descent of a model of
the Jettisonable nose section of the Dougles X-3 ailrplane. The effects
of varying the cemter-of-gravity position, of attaching fins of various
slzes, and of installing a etabillizing parachute were Investigated.

In investigatlion the model descended wlith 1ts front end
trimmed 36~ gbove the horizontal and rotated ebout e vertical wind axls
whils rolling gbout its longitudinal body axis. The nose section was
made to descend In a stable front-down attitude when stabilizing fins
were Installed in conJunction with movement of the cemter of gravity
forward or when a stable parachute wes attached to the model.

INTRODUCTION

The NACA 1s conducting a general investigation of methods of pilot
escape from high-speed alrcraft. One method that hes been proposed. for
the X-3 airplane and for several other recent deasigns 18 to Jettison
the nose of the elrplane at a break-off station Imediately rearward of
the pllot; after the nome has been jJettisoned and 1ts speed has
decreased, the pilot would leave the nose section end descend with his
Perscnel perachute. Spin-turmmel experience wlth models of jettisonable
nose sections of airplanes (references 1 and 2) hes indicated that the
noses may be Inherently unsteble, and when Jettimoned at high airspeeds
may undergo rapld rotations which may cause dangerous accelsrations om
the pilot. The behavior of the Jettisonable nose of. the X-3 elrplene

has been investigated at low speeds through tests of a L -scale model
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of the nose in the Lengley 20-foot free-spinning tunnel and the results
are presented herein. The model simulated the nose section during its
descent toward the ground, assuming that 1t had been Jetiisoned cleer
of the main body of the alrplsne. The effects on stebility of varying
the center-of-gravity locatlon, of attaching fins of various sizes, and
of installing a stebllizing parachute were investigated.

: Although 1% is umderstood that the design of the proposed Jetti-
sonable nose of the X-3 ailrplane has been altered since the present
Investigation was completed, 1t 1s felt that the results presented
herein wlll be of general Interest to the contractor and to other
agencles concerned with the problem of pllot escape at high ailrspeeds.

SYMBOLS

L length of nose section, inches (all center-of-gravity
locations are expressed as a percentage of this length
from the front end of the nose section)

L, Y, Z longitudinal, lateral, and normal axes, respectively,
through center of gravity of nose

Iy, Iy, Iy full-scale values of moments of inertia &bout the X-, Y-,
and Z-exes, respectively, slug-feet

p alr demsity, slugs per cublc foot

v full-scale elrspeed, feet per second

F projected full-scale frontal aree of nose section, square
feet (19.0 for X-3 nose)

Cp drag coefflicient of nose section [DXEf

Lov2r

r distance between axis of rotation and pilot's head, feet

Q rete of rotation of nose sectlon, radians per second

g accelesration due to gravity, 32.2 feet per second squared

a.c centripetal acceleration, feet per second squared (rna)

CONFBENTIAL
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of the nose in the Langley 20-foot free-gpimning tumnel and the results
are presented hersin. The model simulsted the nose section during its
descent toward the growmd, assuming that 1t had been Jettlsoned clear
of the main body of the alirplane. The effects on stebility of verying
the center-of-gravity locatlon, of atteching fins of various sizes, and
of Installing & stabilizing parachute were investigated.

Although 1t 1s understood that the design of the proposed Jetti-
sonable nose of the X-3 airplane has been altered since the present
Investigation was completed, it 1s felt that the results presented
herein wili be of general interest to the contractor and to other
agencles concerned with the problem of pilot escape et high alrspeeds.

SYMBOLS

L length of nose section, inches (all center-of-gravity
locations are expressed as a percentege of this length
from the front end of the nose section)

X, ¥, Z longitudinal, lateral, and normel exes, respectlvely,
through genter of gravity of nose

Iy, Iy, Iy full-scale values of momente of inertig about the X-, Y-,
and Z-axes, respectively, slug-feet

o) alr density, slugs per cubic foot
full-scale alrspeed, feet per second

projected full-scale frontal area of nose section, square
feet (19.0 for X-3 nose)

Cp drag coefficient of nose section [DXeS

172
r distance between axis of rotation and pllot's head, feet
1} rate of rotation of nose sectlon, radlens per second
g acceleration due to grevity, 32.2 feet per second squared
a.c centripetel acceleration, feet per second squared (rna)
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A 2%-sca.le model of the Jettisonable nose section of the X-3 air-

plane was constructed and prepared for testing at the Langley Leboratory.
Fhotographe of the model are shown 1n figure 1 eand a gketoh

of the model is shown in figure 2. The dimensions of various fins

tested on the model are presented in figure 3. The model was ballasted
with leed weights to approximate dynemlc simllarity to the alrplans nose
section at an altitude of 15,000 feet (p = 0.001496 slug per cubic

foot). The welght, center-of-gravity location, and moments of inertia
of the alrpleme nose sectlion were cbtained from information furmished

by the contractor, and the mass characteristics of the model as tested
are presented In table I in terms of the full-scale nose section.

Wind Turmnel end Testing Technigue

The tests were made 1n the Langley 20-foot free-spimming tummel,
the operation of which 1s, in gemeral, similar to that described in
reference 3 for the Langley 15-foot free-spimming tummel, except that
models are now launched into the vertically rising air stream by hend
rether than from a spindie. A photograph showing the Langley 20-foot
free-spinning tunnel and the model being tested 1s shown as figure 4.
The tests included launchings in which the model wes held In the ailr
stream at various angles of attack from 0° to 180°, and then released,
and leunchings in which the model wes glven rotation ebout each of 1ts
three axes with the axes held alternately parallel with and perpen-
dicular to the air stream. The behavior of the model after each
lawnching was observed visually and, in addition, motion pletures were
taken of the tests.

Im accordance wilth the present technique used in testing models
of Jettisonable nose sectioms, various combinations of cemter-of-
graevity location and fin Installations were tested to determlne
arrangements which would make the model demp any applied rotation and
descend In a steble front-down attitude. All values of rates of
rotatlion and rates of descent es presented herein have been converted
by methods similer to those explained Iin reference 3 to full-scale
values for the alrplans nose section at an altitude of 15,000 feet.
Because of posslble scale effects, the actual rates of rotatlion of the
full-scale nose sectlon may be somewhat different than the values pre-
sented. For cases In which the model traveled with 1ts front emd down



in ths tumnel, no velue for the rate of descemnt 18 glven because 1t
excoeded the maxirmmm airspeed of the tumnel, which for the -2;3-50&.15
model tested, represents a full-scale value of 479 feet per second
(327 miles per hour).

TEST CONDITIONS AND PRECISION

The fin arrangements and center-ofegravity locatlions tested on the
model are indicated in teble IT. The mass characteristics for the
various center-of-gravity locations are listed in table I.

The accuracy of measuring the welght and mass distribution of the
model is believed to be wlthin the followlng limits:

Hei@t, pemmt . L] L ] a L] L) L] L] L] L] - L] - L ] L] a [ ] [ ] L d - - a L] ﬂ
Center-of-gravity location, inches « « « &+ « ¢+ ¢« ¢ s« « « ¢« . «» #0.01
Moments of inertla, percentb:

Ix-'---.-...-.-.-.-----.---.-.- ﬂ.5

RESULTS AND DISCUSSION

The results of the tests are presented in table II.

Original condition.- When the model in 1ts original condition
(c.g- at 0.719L, no fins installed) was dropped into the rising air
stream at any angle of attack, it lmmedlately begen making lrregular
oscillatory and sidewise movemente 1n the tumnel. The model soon went
into a condition of equilibrium during which it rotated at a rate
of 2.85 redians per second, full scals, about a vertical wind axis with
the front of the model trimmed 36° ebove horizomtal and at the same time
it rolled about its longitudinal body axls at & rate of 2.50 radians
per second, full scale. The model is shown In the equllibrium conditiom
in the motion-picture strips in figure 5. The equilibrium condition
represents the behavior of the nose sectlon after 1t has cleared the
rest of the airplane and reached its terminal rete of descent of 242 feet
per second, full scale. When the model was lauvnched with applied rota-
tion, 1t soon damped the rotation and went into the equilibrium condi-
tion. Both axes about which the model rotated while In the equilibrium
condition appeared to be approximetely through the model center of
gravity. Inasmmch as in the full-scale nose section the pllot is
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located near the cemter of gravity, the resulting centripetal acceler-
ation a, acting on him as a result of the rotatiomns will be very small

(less than 1 negative longitudinel g et pllot's heed due to rolling

rotation). Although determination of the behavior of the nose section
at high speeds is beyond the scope of the present investigation, it is
possible that when Jettisomed at high speeds the rotatioms of a nose
which 1s unsteble at low speeds may be at correspondingly faster rates
end the acceleratlons may therefore be higher end dangerous to a pllot.
Reference 4 contalns a dilscussion of the effects of acceleration on a
man’'s body.

Effect of center-of-gravity locatlion.- When the center of gravity
was moved forward from 1ts original location of 0.719L to 0.574L, the
modsl sometimes descended stebly wlith 1ts front end down and sometimes
descended 1n a condition similar to the previously described equilib-
rium conditlon regardless of the method of launching. When the center
of gravity was moved to O.464L and the model was relsesed into the air
stream without applied rotation, the model descended stebly with 1ts
front end down; however, when launched with rotation about the normal
body axis with the axis held parallel to the air stream, the model
nearly slweys descended stebly with its fromt emnd dowm, but occeslionally
1t descended in & condltion generally similar to the previously
described equlilibrium conditlon. These results are In gemeral agree-
ment with the results of previous free-spimning-tunnel tests (refer-
ence 1) of a model of a symmetrical Jettlsonsble nose which indiceted
that unless stablilizing fins were installed, the model wes unstable
even when its center-of-gravity wes as far forward as 0.31L; however,
the X-3 model showed a greater tendency to descend ata.'_bly front dowm
than d1d the aforementiomed symmetricel model.

Bffect of fln .~ For the original center-of-gravity locatlon
(0.719L), the addition of fins was not sufficient to meke the model
assume a front-down attitude, even when the fins were of very large
size. With the fins Installed, the model trimmed at a high angle of
attack and rolled about its longitudinel exis at faster retes than 1t
did with no fins installed; however, the model did not rotate about a .
vertical wind axis as 1t di1d with no fins installed. With fins of
large area (fin arrangements C, D, or E in fig. 3) installed, the rate
of rotation of the model about its longitudinel axls was faster than
it was with smaller fins (arrangements A or B) instaelled, and the
resulting centripetal acceleration at & pilot's head would be about
2 negative longlitudinal g. This acceleration 1s somewhat more than
that resulting from the previously described equilibrium condltion
obtained with no fins Installed. The model 1s shown rolling about its
longitudinal exis, after rotation applied sbout its normal axis has been
demped.,, in the motlon-plcture strips of figure T.
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When fin arrengement B was installed and the center of gravity
vas moved forward to 0.574L, the model nose section damped any applied
rotation and descended in a front-down stable attitude. The same
result was obtained when larger fins C were installed and the center
of gravity was moved forward to only 0.632L.. These resulis are in
agreement with those of references 1l and 2, which indicate that if the
center of gravity of a nose sectlion 1s not too far back from its front,
the nose can be made to descend in & front-down stable attitude by
Inatalling sulteble fins rearward of the center of gravity and theat the
amount of fin aree required for front-down descent decreases as the
center of gravity ls moved forward.

Effect of f£in ct ratio.- Because results of previous work
(reference 2) indicated that an increase in fin aspect ratio may have
& bensficlal effect on the stabllity of nose section models, brief
tests were made to determine the effect of lncreasing fin aspect retio
for the X-3 nose model wlth the originel center-of-grevity location
(0.719L). For these tests, triangular fins of aspect ratio 2 (fin
arreangement F in fig. 3) having the same area as fin arrangement C
(aspect retio 1) were installed on the model. The stabllity of the
model with the lncreased-espect-ratio fins was not appreclably im-
proved over lts stebllity with the lower-aspect-ratlo fing, although
the rete of rotation about the longltudinal axis was slightly less.

Stabilizing mEtes. - With the model in its original condition
without fina, brief tests were made in which a stable-type parachute
on the end of a towllne was attached to the center of the back end
(break-off station) of the nose section of the model. The model then
descended 1n a front-down stable attitude. The stable parachute used
was a hemispherical-type high-poroslty parachute with a proJected
hemispherical diameter of 8.1 feet (full scale). The shroud lines
were 24.3 feet long and the towline was 8.1 feet long (full-scals
values). This parachute had a dreg coefficient of 1.11, based on its
projJected hemlispherical diemeter, and the full-scale equilibrium rate
of descent of the nose and parachute was 260 feet per second (183 mph).
By varying the dlameter, drag voefflcient, or towline length of &
stable parachute, any desired equillibrium rate of descent of the nose
sectlon should be obtelnable. The present result is in agreement with
results presented in references 1 and 2 which indicate that alrplame
Jottlsonable nose sectlons can be mede to desgend In a stable fromt-
down attitude by use of & steble parachute. As lndicated in refer-
ences 1 and 2, however, soms problems which must be considered in
commectlion with use of a stabllizing parachute at high speeds are:

(1) fouling of the parachute on the remainder of ‘the airplane during
separation, (2) possibility of dangerous rotations developing before
the parachute opens, and (3) shock loads commected with opening of the
parachute.
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CONCLUSIOKRS

Based on results of tests made 1n the Lengley 20-foot free-spimming
tumnel on a 2%—5::&19 model of the Jjettlesonsble nose sectlon of the
X-3 airplane, the following conclusions are drawn regarding the behavior
of the airplene nose sectlon:

1. After reaching its equilibrium rete of descent, the nose section
will descend with 1ts front trimmed 36° ebove horizontal while rotating
both about a vertical wind axis and sbout its longitudinel body axis.

2. The nose section can be mede to descend in a steble front-down
attitude by installing stebilizing fins in conJunctlion with movement
of the center of grevity forward or by use of a steble parachute.

Langley Aeronsutical Laboratory
Rational Advisory Committee for Aeromautics

Langley Field, Va.
M;{Mr’
Stanle§ H. Scher

Aeronauticel Research Sclentlist

Approved.:
Thomes A. Harrls
Chief of Stability Research Division
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TABLE I.- FULL-SCATE VALUES OF MASS CHARACTERISTICS

FOR THE CENTER-OF-GRAVITY IOCATIORS TESTED ON

THE 2}_3-301;11: MODEL: OF THE JETTISONABLE NOSE

SECTION OF THE X-3 ATRPLANE

Moments of 1nexrtia about the

Center-of -gravity center of gravity
( . looz:bion Weight
percen
from fro&ntg (1) Ix 0 Iy . I .
(slug-£t°) (slug-£t7) (slug~ft")
T1.9 2710 79 2000 2000
(original)
63.2 2766 185 4329 4235
574 27hg 58 k700 k733
46.4 2782 254 898 8523
W
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Tmn.-mammmwgﬁmmummm

EIOTION OF THE X-3 AIRPLANE
[nmummormummummhmorruumm]

Oanter-of- Fin arrangsmsent on noss

gravity
Gondition] looblon | pogeq. | Positions on
¢ : mtlign :l'?;r Desoription of motion of model &xoring desoent
length from “(o g of treak-off
) g3 | T
(a)
1 T1.9 Kone -~ | emeeecce—es mmuﬁhnmﬁmﬂnwa@mmﬁnmm
rotated at 2.85 redians per ssocnd adout a vertical wind
axis while rolling sbout longitudinal axis at 2.%0
redians per £ (rate of d b vas £% pexr seoc or
163 wgh); Oy was 3.23
2 ST-& Eons - mmmmewe——=— | lodel sometimes losh any applied and 4 ded in

5 T3.9 A 3 EiS,m lbdel traveled baclomad across Hummel apd rolled about its
o'olock longitudinal body axis at 1.84 redisne per second; mads
cocasional pitching motians during whick front went 1T  sbove
e below horizontal (rate of dssosnt was 279 ft per meo
or 176.5 mph)
. B e, 6, 10 .
3 ™9 ? olclook o
[ 1.9 a 3 k, 8, 12 Nodel scaetimes treveled forvard and about
o‘chuk its longltudinel body axis at approximately § redians per
secand vhile its front was pltoling £11°
(rete of descent vas 1§2.5 £t par sec or 131 mph)j model
samstines lost any applied rotation fronb-
down stabls attitule
T T1.9 D 3 h,a,lﬂ Do.
o'olock
8 T8 x k 3, 6.9, 12 Do-.
a'olock =
Hodel scmetimes traveled forwerd sorcas ‘bturmme’ rolled abouk
] .9 T 3 p T 1ts longitalizal body aris ab k.3 radiens per ssccnd wiille Lte
front vas pitohing 20° above snd -30° below herizantal (rate of
descent vas £06 £t per sec ar 140 mph); model samstimes lost any
applied rotation and descended in stable abtitude.
10 5T A 3 2, 6, 10 | Modsl lowt any spplied rotation snd descendsd in front-down
ololmt
n 63.2 B 3 2,6, 10 Sintlar to condition 6, exsept rute of rotation was spproximately
o’oloak nmmmu;m,mm#wum
front-vertically-up stadls attitude { angle of sbtack)
7] 63.2 B 3 l;.{B,:l! Bimilar to oondibion §, except rete of rotablon wes
a’elock 2 redians per A5 b 'y than conditions 6 or
1l in that stable front-down desomnd cosurred relatively
nore
13 63.2 4] 3 h.ga,m MNodsel lowt any applisd robation snd descsaded In fromb-down
o'elock stable attitude

63.2 ] 3 3, 6,9, 12 Do.
o'elook

%yar thres-fin arrangecents, slternste fin positions of 2, 6, 10 o'cleck and k, 8, 12 o'elock were given

Ty otractar. ‘i i I W
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Figure l.- Photographs of the %—scm model of the Jettisonable nose of

the X-3 airplane tested in the Langley 20-foot free-spimming tumnel.
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3 Fins A shownon A
modlel (see figure 3)

Fagure 2.~ Sketch of the 21_3:-509.13 model of the Jettlsonable nose section of the

Douglas X-3 airplane tested in the free-spimning tumnel. Dimemsions are full-
scale velues. Oenter of gravity shown in original position.



Ebb of fin d/b’)_l:ns'/ons
desig-|Span b5 (105! PEr
_nlaﬁan ?g .71, '%f‘ E‘,/fzf
y A | 180|336 [0745|025
"B |220|336| 10 |025
C (439|1340) 0 (025
D 1538 |20.15| 1.0 |025
E [62./|2680 1.0 |0.25
F |630|/340|2.0 | O

2 Dimensions specified by
contractor.

Figure 3.- Relative sizes and full-goale Aimensions of fins tested on the E.lé.-soah
model of the Jattiuun_a.‘b]a noge section of the I-3 alrplans.
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Figure U.- Photograph showing the test section of the Langley 20-foot
free~-spinning tunnel, and the E:%.-sca.la model of the Jettlsonable nose

of the X-3 alrplans belng tested. Arrow indicates model.
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Figure 5.- Motion~-plcture strips of the E—Jé-sca.le model of the Jettlsoneble

nose section of the X-3 airplane tested in the Langley 20-foot free-
spinning tummel.

Original center-of-gravity position, no fins -
instelled. Model shown iIn equilibrium condition. Camere speed,
32 frames per second.




Figure 6.- Motion-picture strips of the 2&3-50&19 model of the Jettlsonable

nose sectlon of the X-3 alrplane tested in the lLangley 20-foot free-
gpinning tunnel. Original center-of-gravity positlon, fins B
installed. Model shown demping an applied rotation about its normal

axls and starting to roll ebout lits longitudinal exis. Cemera speed,
32 frames per second. B
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ABSTRACT

The stability of the Jettisonable nose ssectlon of the X-3 airplane
hes been investigated at low speeds in the Langley 20-foot free-splnning
tummel. The model descended with 1ts front end 36° ebove the horizontel
end rotated sbout a verticel wind axis while rolling about 1ts longl-
tudinal body axis. BStable front-down descent was obtained when sultable
stebllizing fins were installed and the center of gravity was moved
forward.
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